In this article, the performance comparison evaluation of self-made solution process Butyl rubber (IIR) LH-1 and two kinds of imported Butyl rubber(IIR) (solution process IIR ET-110 and slurry process IRR EJ-120), the results showed that the self-made LH-1 had some differences with the contrast sample ET-110 and EJ-120 on the ingredients of gum. LH-1 compound and vulcanizate are comparable in various properties to the comparison samples ET-110 and EJ-120, comprehensive performance of LH-1 is closer to EJ-120.
. In 2007, the butyl rubber production capacity all over the world was 1.17 million tons, of which the dominant butyl rubber manufacturers were Exxon and LANXESS. They not only have large output, but also have the most advanced technology. As a rising star, Russia's technological level and product quality have been continuously improved and its total production capacity has reached nearly 200,000 tons. In recent years, the world's butyl rubber production capacity has grown steadily. In 2017, it was 1.776 million tons, and the total production capacity in 2020 is expected to reach 2.5 million tons.
The butyl rubber research and development in China began in the 1960s. At present, mainland of China is the largest butyl rubber producer in China with a production capacity of 395,000 tons, accounting for 22.24% of the world's total production capacity. The consumption structure of butyl rubber in China is: the tire field accounts for about 84% of the total consumption, medical bottle stoppers account for about 11%, and other aspects account for about 5%. Affected by the policy of encouraging the development of radial tires, the demand for butyl rubber in the tire industry has grown rapidly. The butylation of pharmaceutical bottles is the second largest market for butyl rubber in China. It is expected that the total demand will reach about 500-550 thousand tons by 2020. In consideration of the serious shortage of butyl rubber production in China, some petrochemical companies and private capitals are investing more in butyl rubber [4] . This research project compares and analyzes the basic performance between the small-scales test samples of elf-made butyl rubber and imported butyl rubber.
Test

Raw materials
The test sample was a self-made solution of butyl rubber sample LH-1 and two imported comparative butyl rubber samples ET-110 and EJ-120.
Test basis and content
The test is mainly based on the Chinese Petrochemical Industry Standard "Isobutylene-isoprene rubber (IIR) evaluation method" SH/T 1717-2008 (idt ISO 2302:2005), and at the same time, according to the request of the client and the sample, the actual situation has been adjusted appropriately.
Test items include: 1 Physical and chemical properties of raw rubber, including ash, volatiles, copper content, iron content and molecular weight and molecular weight distribution. 2 The properties of the mix, including Mooney viscosity, Mooney scorch, and cure properties. 3. Vulcanizate properties, including rubber hardness, tensile strength, elongation at break, tensile stress, tear strength. 4 Other properties of vulcanizates, such as resilience, brittle temperature, compression set, compression heat and swelling index. 
Test Formula and Mixing Process
Results and Discussion
Raw rubber performance
Chemical Analysis
The experimental data of raw rubber chemical analysis is shown in Table 2 . From the results, it can be seen that the volatile content of the LH-1 sample is significantly higher than that of the comparative sample. The ash content of the LH-1 sample is comparable to that of the comparative sample ET110 (ET110 is slightly higher than the LH-1 sample), while it is quite different from the EJ-120. 
Metal Content Analysis
We used atomic absorption spectrometry to analyze the copper and iron contents of LH-1 samples and comparative samples. The experimental results are shown in Table 3 . The content of copper and iron in LH-1 samples was higher than that of ET-110 and EJ-120, especially for the iron content. In the two comparative samples, the copper and iron content in EJ-120 raw gum was the lowest.
Molecular Weight and Its Molecular Weight Distribution
Gel chromatography GPC was used to determine the molecular weight and molecular weight distribution of LH-1 and two comparative samples ET-110 and EJ-120. The test results are shown in Table 4 which shows that the number-average molecular weight Mn -and weight-average molecular weight Mw Mw -of the LH-1 sample are slightly lower than the comparative samples ET-110 and EJ-120. The difference in the molecular weight distribution of the three butyl rubbers was not significant. The LH-1 sample was comparable to the EJ-120 and the ET-110 was slightly lower. 
Compound properties
In the mixing process, the three rolls have good packet roller properties, and both have good carbon black and good mixing speed of the auxiliary. The surface of the film is relatively smooth and has a good gloss.
Mooney viscosity, Mooney relaxation and Mooney scorch
Both the Mooney viscosity and Mooney relaxation of a compound are the methods to characterize rubber processing properties. Mooney relaxation area A can comprehensively measure the processing behavior of the compound. The greater the stress relaxation area A, the worse the processing performance, and vice versa.
Mooney scorch mainly reflects the processing safety of the rubber material and ensures that the compound does not show early vulcanization during the processing to ensure the performance of the rubber product. The Mooney scorch time t5 indicates that the rubber processing is safe. The Mooney viscosity, Mooney relaxation, and Mooney scorch experimental data for the three butyl rubber compounds are shown in Table 5 . As can be seen from Table 5: 1) The Mooney viscosities of the three blends are comparable and there are no significant differences. The LH-1 Mooney relaxation area is higher than ET-110 and EJ-120.
2) The Mooney scorch time of LH-1 compound is similar to that of EJ-120, which is slightly shorter than that of ET-110. However, it still has good processing safety and can meet the requirements of rubber processing.
Vulcanization characteristics
The rubber vulcanization characteristics test was carried out at 160°C according to the requirements of the "Isobutylene-isoprene rubber (IIR) evaluation method" SH/T 1717-2002 (idt ISO 2302: 1995) standard. Table 7 lists the parameters required by the standard. ML is the minimum torque, which reflects the lowest viscosity of the rubber at the test temperature. If ML is
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low, the rubber will have better fluidity during the vulcanization induction phase of the vulcanization process, and can fill the rubber more fully. MH is the maximum torque, which reflects the maximum degree of cross-linking that the compound can achieve under the curing conditions. In addition, t10 and t90 are the time required for the compound to reach 10% and 90% of (MH-ML) from the lowest torque (ML). Vc is the vulcanization speed index. The larger Vc, the faster the vulcanization speed of the rubber material.
It can be seen from the test results in Table 6 that:
1) The ML and MH of the LH-1 compound are similar to those of EJ-120, the ML and MH of the ET-110 compound are slightly lower.
2) The t10, t90, and Vc of LH-1 compound are similar to those of ET-110 and EJ-120, with no significant difference. 
Vulcanizate properties
The main physical properties of vulcanizates include: resilience, compression heat, tear strength, brittle temperature, compression set and swelling index and aging resistance and other tests.
Vulcanizates tensile stress-strain properties
The tensile stress-strain test results of vulcanizates are shown in Table 7 . From the data in Table 7 , you can see:
1) The tensile stress-strain properties of LH-1 vulcanizate and comparative samples ET-110 and EJ-120 vulcanizates were similar, such as hardness, tensile stress, tensile strength, and tensile elongation at break, have no significant differences.
2) The tensile permanent deformation of LH-1 vulcanizate is slightly higher than that of the comparative samples ET-110 and EJ-120.
3) The tensile stress and strain properties of LH-1 vulcanizate are similar to those of EJ-120.
Vulcanizate Physical Properties
The physical properties of vulcanizates are shown in Table 8 . From the data in Table 8, we can  see: 1) The resilience, tear strength, and brittle temperature of the LH-1 vulcanizate are comparable to
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those of the comparative samples ET-110 and EJ-120, with no significant difference.
2) The compression set of LH-1 vulcanizate is slightly greater than that of the comparative samples ET-110 and EJ-120 vulcanizates.
3) LH-1 vulcanizate compression heat generation and final compression ratio is slightly lower than EJ-120, slightly higher than ET-110, but the permanent deformation is slightly bigger than ET-110 and EJ-120. 
Aging performance
The hot air accelerated aging test was performed in an LP-61 type aging box. The aging condition is 100°C x 24 hours. The storage period after the aging was 16 hours and then the physical properties of the aged specimens were tested and compared with the unaged specimens. Table 9 shows the aging properties of vulcanized rubber. It can be seen that the change rate of tensile strength and elongation at break of the three vulcanizates after aging are similar, and the rate is small, indicating that the aging resistance of three butyl rubber vulcanizates is comparable good, and the anti-aging properties of the three vulcanizates are basically equivalent [5] . 
Swelling Index
Vulcanized rubber can only swell not dissolve in organic solvents. The size of vulcanizate swelled in organic solvents is closely related to its crosslinking density. The swelling index is inversely proportional to the crosslinking density. The greater the swelling index, the smaller the cross-linking density; conversely, the smaller the swelling index, the greater the cross-linking density. Table 10 shows butyl rubber swelling index. It can be seen that the swelling index of LH-1 vulcanizate is the smallest and its cross-linking density is the largest; the swelling index of ET-110 and EJ-120 vulcanizates is slightly larger than that of LH-1 vulcanizates, indicating their smaller cross-linking density. Under the same vulcanization system and vulcanization conditions, the crosslink density of LH-1 is slightly higher than that of ET-110 and EJ-120.
Conclusion
1) Compared with the comparison samples ET110 and EJ-120, the LH-1 sample produced higher volatile content and ash content comparable to the comparative sample ET110 but higher than EJ-120.
2) The content of copper and iron in crude rubber of LH-1 sample are higher than that of the comparative samples ET110 and EJ-120, especially iron content.
3) The molecular weight of the LH-1 sample was slightly lower than that of the comparative samples ET110 and EJ-120, but the molecular weight distributions of the three butyl rubbers were comparable.
4) Mooney viscosity of LH-1, ET110, and EJ-120 is comparable, and LH-1 Mooney relaxation area is higher than ET-110 and EJ-120. The Mooney scorch time of LH-1 compound is similar to that of EJ-120 and is slightly shorter than ET-110, but it still has good processing safety and can meet the requirements of rubber processing.
5) LH-1 vulcanizate tensile strength, elongation at break, tensile stress, hardness, elasticity, tear strength, aging resistance and brittle temperature and other properties similar to ET110 and EJ-120, no significant difference. The compression set of the LH-1 vulcanizate is slightly greater than that of the comparative samples ET-110 and EJ-120 vulcanizates. LH-1 vulcanizate compression heat and final compression ratio is slightly lower than EJ-120, slightly higher than ET-110, but the permanent deformation is slightly larger than ET-110 and EJ-120 .
6) Under the same conditions, the crosslinking density of LH-1 vulcanizate is slightly higher than that of ET-110 and EJ-120.
In summary, the self-made LH-1 has some differences in the components of raw rubber from the comparative samples ET-110 and EJ-120. The LH-1 compound and vulcanizate are comparable to the comparative samples ET-110 and EJ-120 in various properties. The overall performance of LH-1 is closer to EJ-120.
